Background: An understanding of the complex relationship between health status and welfare is crucial for critical policy interventions. However, the focus of most policies in developing regions has been on current welfare to the neglect of forward-looking welfare analysis. The absence of adequate research in the area of future poverty or vulnerability to poverty has also contributed to the focus on current welfare. The objectives of this study were to estimate vulnerability to poverty among households in Ghana and examine the relationship between health status and vulnerability to poverty. Method: The study used cross section data from the Fifth Round of the Ghana Living Standards Survey (GLSS 5) with a nationally representative sample of 8,687 households from all administrative regions in Ghana. A three-step Feasible Generalized Least Squares (FGLS) estimation procedure was employed to estimate vulnerability to poverty and to model the effect of health status on expected future consumption and variations in future consumption. Vulnerability to poverty estimates were also examined against various household characteristics. Results: Using an upper poverty line, the estimates of vulnerability show that about 56% of households in Ghana are vulnerable to poverty in the future and this is higher than the currently observed poverty level of about 29%. Households with ill members were vulnerable to poverty. Moreover, households with poor hygiene conditions were also vulnerable to future poverty. The vulnerability to poverty estimates were, however, sensitive to the poverty line used and varied with household characteristics.
Background
According to the World Health Organization (WHO), health is a "state of complete physical, mental and social wellbeing and not merely the absence of disease or infirmity" [1] . Health shocks constitute a sudden deterioration in the state of an individual's health, caused by an illness and/or injury. The impact of health shocks on the welfare of individuals and households has been a major concern of policy makers. While shocks such as droughts and floods are seen to have significant effects on welfare, health shocks are unpredictable and pose a great challenge that any household has to face [2] . Somi et al [3] noted that health shocks and their associated costs have both short and long run impacts on household welfare. In the short-run, households that experience health shocks are forced to substitute consumption and production expenditure for health care. In the long-run, returns from investment in productive activities tend to reduce [3] . This implies that rational individuals will not only work towards improving their current health status but also their future state of health [4, 5] .Studies have shown that the occurrence of health shocks have significant negative impact on household current welfare [6] [7] [8] . In the case of Ghana, poor health has been shown to have devastating effects on economic growth and individual productivity [9, 10] . An understanding of the complex relationship between health shocks and welfare is crucial for critical policy intervention.
Vulnerability to poverty is seen widely as a better future oriented/forward-looking measure of welfare [11] [12] [13] [14] [15] . The only study that analysed ex-ante welfare or vulnerability to poverty in Ghana did not consider the impact of health shocks [16] .
Diseases such as malaria and acute respiratory infections continue to pose health problems in Ghana with high morbidity and mortality [17] . Further, about 29% of Ghanaians are estimated to be poor with the Greater Accra (11.8%) and Upper West (87.9%) regions being the least and most poor regions respectively (Table 1 ) [10] . The purpose of this study is to estimate a more forward-looking measure of welfare (vulnerability to poverty) and to examine how health shocks relate to and affect vulnerability to poverty in Ghana. Specifically, the study tests two null hypotheses; first, vulnerability to poverty does not vary with household characteristics. Second, household health status does not affect vulnerability to poverty. These are based on the intuition that household welfare depends on peculiar characteristics such as place of residence, gender of household head, etc. Also, poor health status is considered to reduce household wealth, hence making them more vulnerable to poverty [7] .
Poverty and vulnerability to poverty
In general, a household is considered to be poor if its current expenditure falls below a given threshold (poverty line). Specifically, the World Bank (WB) defines extreme poverty as living on less than US$1 per day and moderate poverty as less than US$2 or US$5 each day [18] . While most poverty studies have been faced with the challenge of identifying an appropriate welfare measure, household consumption expenditure or income is considered to be an acceptable measure of standard of living [19] .
However, vulnerability to poverty is defined to include the probability that a household or an individual, whether currently poor or not, may be poor in the near future. For instance, Duflo [20] defined vulnerability as "a probability: the risk a household will fall into poverty at least once in the next few years". This implies that, unlike poverty, vulnerability is a more future-oriented concept that considers possible changes in a household's future welfare. While the above definition suggests that both the current poor and non-poor may be vulnerable to poverty, the degree of vulnerability depends on the risks faced by households and their ability to respond to these risks [21] . In Ghana, bush fires, infertile lands, snake bites and poor sanitary conditions have been identified as major risks faced by rural communities [22] .
While various measures of vulnerability have been suggested in the literature, any measure of vulnerability should have two perspectives; the time horizon and the welfare measure. Hoddinott and Quisumbing [23] noted that the time horizon could vary, ranging from the next day to old age but consumption expenditure is mainly considered as the welfare measure. Three main concepts can be distinguished in measuring vulnerability to poverty; these are vulnerability as expected poverty (VEP), vulnerability as low expected utility (VEU) and vulnerability as uninsured exposure to risk (VER) [23, 24] .
The VEP approach defines vulnerability based on household expected consumption expenditure above a given threshold. While the VEU approach measures vulnerability as utility derived from some certainty-equivalent level of consumption and expected utility of consumption, the VER approach captures household welfare loss due to lack of effective risk management tools [23] .
Defining vulnerability to poverty as the probability that a household's consumption will fall below some benchmark (poverty line) in the near future, the current study employed the VEP approach to measure vulnerability. Two reasons motivated this choice; first, unlike VEU, VEP allows the use of cross section data in the estimation of vulnerability to poverty. Secondly, VEP estimates ex-ante welfare loss as opposed to VER which estimates ex-post welfare loss [23] .
Methodology

Econometric Technique
Some studies on vulnerability have used panel data collected over a long period due to the forward-looking nature of the concept of vulnerability [11, 25] . However, other studies have shown that cross section data can also be used in estimating vulnerability to poverty [12, 14, 16, [26] [27] [28] [29] . Following Chaudhuri [27] , the probability of household h, finding itself to be consumption poor at time t + j can be expressed as;
Where V ht represents vulnerability of household h at time t, C h;tþj is consumption of household h at time t + j and z shows poverty line of household consumption, ln is natural log.
The consumption generating process can be specified as;
Where C h is the per capita consumption expenditure for household h, X h is observable household characteristics, β is a vector of parameters and E h is a zero-mean disturbance term that captures household's idiosyncratic factors contributing to differential level of per capita consumption for households that share the same characteristics.
The use of cross section data makes it necessary for some assumptions to be made. First, the disturbance term, E h is log-normally distributed which implies that consumption expenditure, C h is also log-normally distributed. Secondly, the structure of the economy is stable over time, ruling out the possibility of aggregate shocks (i.e. unanticipated structural changes in the economy). The first assumption is to enable the estimation of the probability that a household with characteristics, X h, will be poor (household vulnerability level). The last assumption implies that uncertainties about future consumption stems solely from uncertainty about idiosyncratic shocks that the household will experience in the future. Vulnerability estimates should therefore be interpreted under the assumption that current economic structures will prevail, at least, in the near future. These assumptions may not be necessary in the case of sufficient and rich panel data that identifies the stochastic process of the economy's structure.
Any given household h, with characteristics X h can then have vulnerability to poverty level calculated using the estimated coefficients of equation (2) such that
WhereV h is estimated vulnerability to poverty (i.e. the probability that per capita consumption level will be lower than the poverty line conditional on some household characteristics), Φ :
ð Þ is the cumulative density of the standard normal distribution andσ is the standard error from equation (2).
Allowing for heteroscedasticity
Some studies that explore household consumption behaviour treat the disturbance term as stemming from measurement error and, thus, usually assume that the variance of the disturbance term is the same for all households. This assumption, as noted by Chaudhuri [14] leads to inefficient estimates not only in the main parameters of interest but also in the vulnerability estimates. This problem can be addressed by a simple functional form, which relates variance of the consumption function to household characteristics as follows:
A three-stage Feasible Generalized Least Squares (FGLS) procedure suggested by Amemiya [30] is used to estimate β and θ. Equation (2) is first estimated using the Ordinary Least Squares (OLS) procedure. The estimated residuals from equation (2) are then used to estimate the following equation by OLŜ
The predicted values from this auxiliary regression are used to transform equation (5) .
Estimating equation (6) by OLS gives an asymptotically efficient FGLS estimate,θ FGLS . It can be shown that X hθ FGLS is an efficient estimate of σ 2 e;h which is the variance of the idiosyncratic component of household consumption. Equation (2) is also transformed with the standard error ofθ FGLS as follows;
OLS estimation of (8) yields an asymptotically efficient estimate of β. The estimated β FGLS and θ FGLS enable a direct estimation of expected log consumption (shown in equation 9) and expected variance of log consumption (shown in equation 10) respectively.
Var
Finally, assuming that consumption is log normally distributed, vulnerability to poverty can be estimated as
Thus, the estimation of vulnerability to poverty depends on such elements as the distributional assumption of normality of log consumption, the choice of poverty line, the expected level of log consumption and the expected variability of log consumption. The level of vulnerability to poverty reduces as expected consumption and expected consumption variability increases.
Vulnerability to poverty threshold
The current study employed a vulnerability to poverty threshold of 0.5 as it is widely accepted as a reasonable threshold [26, 31, 32] . The following reasons justify the choice of the vulnerability threshold of 0.5. First, it makes intuitive sense to say that a household with a 50% probability of falling into poverty in the next period is vulnerable to poverty. Second, when a householdwhose current level of consumption is equal to the poverty line -faces a zero mean shock; it has a one period ahead vulnerability of 0.5. In the limit, as the time horizon approaches zero then being currently poor and being vulnerable to poverty coincides [31] . Also Zhang and Wan [32] found that a vulnerability line of 0.5 provides a more improved prediction. This implies that households with estimated vulnerability to poverty above or equal to 0.5 are considered to be vulnerable to poverty.
Poverty line
Two poverty lines were employed in the vulnerability estimations. These are an upper poverty line of GH¢ 370.89 [1] per adult per year and a lower poverty line of GH¢288.47 per adult per year to allow for sensitivity analysis [33] . The poverty lines were computed by the Ghana Statistical Service (GSS) from the Ghana Living Standards Survey (GLSS) and takes into account regionspecific price differentials and nutritional needs of the population. Individuals whose consumption expenditure fell below the lower poverty line were considered to be extremely poor and were unable to meet their basic nutritional needs. On the other hand, individuals above the upper poverty line were considered as able to meet their nutritional requirements and purchase their basic nonfood needs [33] .
Time horizon
This study argues that the certainty of the probability that a household or an individual will become poor exactly one period ahead is impractical and hence the time horizon should be any period in the future. The time horizon was therefore specified in this study as t + j instead of t + 1, where j ≥ 1 [26, 34] .
Data and variables
The study used 2005/2006 data reported in the Fifth Round of the Ghana Living Standards Survey (GLSS 5) conducted by the Ghana Statistical Service (GSS) with technical assistance from the WB and the European Union [35] . Nationally representative sample of 8,687 households in 580 enumeration areas (EAs), containing 37,128 household members were covered in GLSS 5 [10] . The EAs were first stratified into the 10 regions of the country and further into rural or urban place of residence. Ecological zones (i.e. Coastal, forest and northern savannah) of the country were also considered in the classification [36] . The GLSS 5 is the single largest country-wide household data available in Ghana and collects information on various aspects of household's living conditions including education, health and employment. Furthermore, detailed information on household income and expenditure make the data very vital for a vulnerability study like this one. For the purpose of GLSS 5, a household is defined as a person or a group of persons, who live together in the same dwelling, share the same house-keeping arrangements and are catered for as one unit [10] .
Household total food and non-food expenditure was used as the dependent variable in the expected consumption estimation. The variable includes a summation of all items purchased directly by household or indirectly (such as output from own production activities, batter exchange, transfer/remittances etc). Household health status was used as the main explanatory variable. The variable was proxied by standardizing the occurrence of illness and/or injury (i.e. the number of household members who had illness and/or injury during the two weeks preceding the survey divided by the total number of household members). This standardization presents a more representative measure of household health as far as the GLSS 5 in concerned. Admittedly, self-reported illness may contain some bias. However, this does not invalidate the results [37, 38] . Household hygienic condition dummy was also included to complement household health status. The variable was measured by the presence or absence of safe drinking water and sanitary latrine in a household. Households without safe drinking water and sanitary latrines were considered to have unhygienic condition [12] .
Other dependent variables include household size which is measured as the number of members in the household. Household head education dummies were included in four categories (no formal education, primary, secondary and tertiary education). Sex of household head was a dummy with a value of 1 if household head is male and 0 otherwise. Similarly, place of residence dummy was 1 if urban and 0 for rural residence. Age of the household head, measured in years, was also included in the model. Table 2 shows that, on average, approximately three members per household reported illness and/or injury during the two week period that preceded the survey. Average annual household consumption expenditure on food and non-food items was GH¢1,190. Mean age of the household head was 45 years. Average household size was four (with a minimum of one and a maximum of 29).
Results
Descriptive statistics
Vulnerability to poverty in Ghana
The average estimated vulnerability to poverty in Ghana was 56% (Table 3 ). This estimate reduced to about 49% when a lower poverty line was used ( Table 4 ). While the Eastern region was found to have the highest average vulnerability of approximately 73%, the Upper West region had the least vulnerability with about 21% of the population being vulnerable to poverty. Other regions with relatively high incidence of vulnerability to poverty include the Western region (70%) and the Volta region (69%) ( Table 3 ). Vulnerability to poverty was estimated to be 61% among urban households and 25% among rural households. Regarding gender, male-headed households were more vulnerable to poverty than femaleheaded households with mean vulnerability estimates of 58% and 51% respectively. Further, households located in the forest zones were more vulnerable to poverty with mean vulnerability of approximately 68%, followed by households in the coastal zones with mean vulnerability estimate of about 63%. Households in the savannah zones had the lowest average vulnerability of approximately 33%.
Results from the chi-square test of independence (Table 5) shows that there is no association between poverty and vulnerability to poverty (P value = 0.177).
Determinants of vulnerability to poverty
Vulnerability to poverty was found to be lower for households with less number of ill members and this Note: Lower poverty line of GH¢288.47 was used for the profiles above.
was significant at 1%. Also, the household hygienic condition dummy variable significantly (1%) relates to lower expected mean of consumption (Table 6 ). Further, households with large family sizes were found to be more vulnerable to poverty. This relationship was significant at 1%. Furthermore, household heads with higher formal educational attainments were less likely to be vulnerable to poverty relative to those with no formal education. The relationship was significant at 1% for household heads with tertiary, secondary and primary education attainments. Relative to unmarried household heads, married heads were less vulnerable to poverty with higher average future consumption. The relationship was significant at 1% level.
Discussions Table 3 shows that 56% of the Ghanaian population was vulnerable to poverty compared to the observed poverty level of about 29%. The estimate, however, reduced to about 49% when the lower poverty line was used (Table 4 ) [16] . This finding implies that even though current policy on poverty alleviation considers the observed 29%, it is important not to focus all attention on this observed figure to the neglect of the twice that number that may be vulnerable to poverty in future. Otherwise, poverty alleviation becomes a programme that would be needed at all times (i.e. now and in the future). Considering both the current poor and the future poor ensures that poverty is tackled from a broader perspective in current and future generations. Interestingly, rural households had lower average vulnerability to poverty than urban households. This means that, though current rural poverty stands at 39% -higher than urban poverty of 11% -urban households are comparatively more vulnerable to (future) poverty. This result contradicts the findings of earlier studies that vulnerability is higher in rural areas than in urban areas [12, 16] . One reason that could be speculated for this result is the increase in rural-urban migration. The GLSS report indicated that about four in every ten residents in urban areas were in-migrants [10] . Such in-migrants face an enormous challenge posed by the high standard of living and lack of jobs. Further, the finding supports the premise that poverty and vulnerability to poverty are not necessarily the same and need to be treated as such.
Again, vulnerability to poverty was found to be higher among male-headed households than in female-headed households [39] . This finding confirms the findings of Appiah-Kubi et al. [16] who reported a lower vulnerability estimate of 36.3% for female-headed households compared to male-headed households with estimated vulnerability of 54.4%. Current poverty estimates show that out of the ten regions in Ghana, Upper West Region and Eastern Region have the highest and second lowest poverty estimates (Table 1 ). However, this study found that with respect to vulnerability to (future) poverty, Eastern Region is most vulnerable to poverty (73.47%) whilst Upper West Region is least vulnerable to poverty (21.41) . A possible reason for this finding is the role of health status (discussed below) in influencing vulnerability to poverty. In Ghana, Eastern Region has consistently reported the highest HIV prevalence (with 4.9% in 2006) whilst Upper West Region reports lower HIV prevalence -2.5% in 2006 i.e. the second lowest prevalence in the country [40] . While this result may not be intuitively appealing, it confirms the hypothesis that the current poor are not necessarily the vulnerable.
The results of the study further show that the current health status of a household plays a crucial role in determining the household's vulnerability to poverty; as the general household health declines, future consumption is expected to reduce, making the household vulnerable to poverty in future. A complement of this finding was seen in the household hygiene condition variable which implies that households with good hygienic conditions were more likely to have good health, hence improved welfare. This finding confirms that health is both a consumption and investment commodity as good health enables individuals to engage in productive activities that translate positively into their consumption and investment activities. Similar result was found by Azam and Imai [12] in Bangladesh. Thus, better health status is an important vulnerability-reducing variable which has to be taken into consideration in designing policy interventions. In Ghana, health workforce and infrastructure are still relatively inadequate and sanitation conditions are relatively poor [17] . Hence, efforts at improving access to basic health services are crucial as argued by Nonvignon and Aglobitse [41] and Nonvignon et al. [42] . Good hygiene practices also need to be promoted at the household level. These interventions will not only facilitate the achievement of the health-related Millennium Development Goals but also translate into improving current and future welfare by reducing future poverty.
The results further suggest that education and household size are significant determinants of vulnerability to poverty apart from health status. These results are expected as education and family size directly or indirectly influence household consumption and welfare. Thus, the inclusion of strategies that improve the education of households in policies directed towards reducing vulnerability to poverty is not out of place. Such policies may include the reduction in cost of education and the provision of improved facilities, while encouraging female education at higher levels in both rural and urban areas.
A limitation of the study was the lack of panel data with sufficient length and richness which would have provided inter-temporal consumption expenditure for household vulnerability assessments. That is, changes in household expenditure and shocks overtime are better capture in panel data that provide information on the same household over time. The study was also limited by its inability to control for the existence of a possible simultaneity problem due to the lack of a good instrument in the data. Simultaneity problem occurs when a dependent and independent variables influence each other at the same time.
In this study, this problem may exist in the sense that, while health status may affect vulnerability to poverty, a reverse relationship may also exist. While the effect of health on vulnerability may be overstated, in the presence of simultaneity, the focus of this study is to establish a causal relationship between the two variables.
Further, while broader concepts of poverty exist (e.g. household income, assets etc), this study employs household expenditure as a measure of poverty. Future research could consider the above mentioned limitations.
It must also be noted that, in addition to estimating vulnerability to poverty, a major contribution of the current study lies in estimating the relationship that exist between vulnerability and health status which has received very little attention, especially in developing countries. However, generalizing the findings of this study should be with caution as countries may have different situations of poverty and issues of sensitivity relating to poverty.
